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(54) [Title of invention] Hybrid sensor and seating detection system 



(57) [Summary] 
[Objective] To provide a hybrid sensor and a 
seating detection system which is able to 
distinguish between sitting human body and 
child seat and identify such as sitting 
condition of sitting human body. 
[Method for solution] A seating sensor 6 in 
sheet shape is buried immediately under 
covering 5 of seat bottom 2 of seat 1 and a 
proximity sensor comprising a pair of 
electrodes 7a and 7b is embedded inside the 
seat bottom 2. The seating sensor 6 is a 
membrane switch constructed by 
polymerizing* a pair of flexible sheets with 
an insulating spacer between the sheets and it 
is made that location of contacting point is 
able to be detected when it turns on. 
"^Translator's note: This "polymerizing" 
should be a misuse of a word and it should be 
"laminating", instead. Proximity sensor 7 
can detect capacitance change between the 
electrodes 7a and 7b. CPU 52 distinguishes 
human body and child seat and identifies such 



as existence of sitting and condition of sitting, 
based on the output data from seating sensor 6 
and proximity sensor 7. 




Seating 



[Claims] 

[Claim 1] Seating detection system which is 

characterized by being located in seat bottom 

of seat and having, 

a seating sensor which detects load 

distribution pattern of load being applied to 

above mentioned seat bottom, 

a proximity sensor placed at least on either 

above mentioned seat bottom or back side of 

the chair which detects proximity of dielectric 

body by change of capacitance between 

electrodes, and 

a seating detection means which detects 
existence of the seating on the above 
mentioned seat, seating position and the 
seating object. 

[Claim 2] Seating detection system which is 
described in Claim 1 and characterized that 
above mentioned seating sensor is to detect 
seating position, seating weight and seating 
area of the seating object. 
[Claim 3] Seating detection system which is 
described in Claim 1 or 2 and characterized 
that above mentioned proximity sensor is to 
distinguish human or child seat. 
[Claim 4] Seating detection system which is 
described in one claim of Claims 1 through 3 
and characterized that, 

above mentioned seating sensor is formed by 
polymerizing* a pair of flexible sheet with an 
insulating spacer in between, 
it contains a membrane switch wherein 
conductive pattern is formed on the opposing 
surfaces of the above mentioned flexible 
sheets and with openings are formed for 
forming contact points at a specific positions 
of above mentioned insulating spacer, and 
above mentioned proximity sensor contains a 
pair of electrodes being formed on at least one 
side of above mentioned a pair of flexible 
sheets. "^Translator's note: This 
"polymerizing" should be a mistake of 
"laminating 

[Claim 5] Hybrid sensor which is 
characterized that it is a sensor comprising a 
membrane switch wherein it is formed by 
polymerizing* a pair of flexible sheets with 



an insulating spacer being sandwiched 
between, conductive patterns are formed on 
the opposing surfaces of above mentioned 
pair of flexible sheets, a pair of electrodes are 
formed on at least one side of above described 
a pair of flexible sheets, and openings to form 
contact points are formed at a specific 
location of above mentioned insulating 
spacer, and 

it is equipped with a seating sensor which 
detects load distribution pattern of the load 
when load is applied in the thickness direction 
of above described flexible sheet by the 
contact of above mentioned opposing 
conductive pattern at above mentioned 
contact points, and a proximity sensor which 
detects capacitance change between a pair of 
electrodes when a dielectric body 
approximates above mentioned a pair of 
flexible sheets. * Translator's note: This 
"polymerizing" should be a mistake of 
"laminating". 

[Claim 6] Hybrid sensor which is described 
in Claim 5 and characterized that above 
mentioned seating sensor is a pressure 
sensitive sensor which detects pressure. 
[Claim 7] Hybrid sensor which is described 
in Claim 5 or 6 and characterized that above 
mentioned proximity sensor is a capacitance 
type sensor to distinguish human and child 
seat by detecting capacitance change between 
above mentioned pair of electrodes. 
[Detailed explanation of the invention] 
[0001] 

[Technical field that the invention belongs] 

This invention relates to a hybrid sensor and a 
seating detection system which is installed in 
such as car seat and distinguish condition of 
the seating and seating objects, and especially 
relates to hybrid sensor and seating detection 
system being used for controlling of air bag 
by being installed in a passenger seat of 
automobile. 
[0002] 

[Prior technology] This type of seating 
detection system has been used to distinguish 
whether a passenger is sitting in passenger 
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seat or not, or such as the built of the 
passenger, for example, in order to control 
operational condition of air bag. For this 
seating sensor, the one using a membrane 
switch has been known which is able to 
compose the system at relatively low cost. 
[0003] Figure 8 shows a composition of a 
seating sensor which uses a membrane switch. 
A membrane switch is constructed by 
polymerizing* a pair of flexible sheet 101 and 
102 with a nonconductive spacer 103 in 
between. Translator's note: This 
"polymerizing'* should be a mistake of 
"laminating". Conductive patterns 104 and 
105 are formed on the opposite surfaces of the 
flexible sheets 101 and 102, respectively. 
Openings 106 are formed at specific positions 
of insulating spacer 103 and conductive 
patterns 104 and 105 which are above and 
below the openings 1 06 form connecting 
points 107. When a weight is applied on the 
contacting points 107 in a direction of 
thickness of flexible sheets 101 and 102, 
conductive patterns 104 and 105 make contact 
through the openings 106 and such as the 
existence of seating is distinguished by 
detecting the electric current due to this 
contact. In case of human body, because it 
has elasticity, the weight is applied onto the 
flexible sheet 101 at the openings 106 of the 
multiple contacting points 107 and the applied 
weight is detected. 

[0004] On the other hand, a seating detection 
system has been also known which uses a 
proximity sensor wherein multiple electrodes 
are placed in a seat to detect existence of 
passenger or identify the passenger as adult or 
child by the change of capacitance between 
the electrodes. 
[0005] 

[Problems to be solved by the invention] 

However, in the case of seating sensor which 
uses a membrane switch, because 
identification of such as between adult or 
child, between seating position of front or 
back, is made by the degree of weight 
application, there are cases that identification 



between person or various child seats having 
flat bottom surfaces is difficult. Normally, as 
the infant is a passenger when a child seat is 
used, operation of the air bag is controlled 
differently from the case of adult and a non- 
explosive control is desired. Also, in the case 
of the proximity sensor which detects 
capacitance change between the electrodes, 
entire system may become expensive because 
many electrodes are needed in order to 
distinguish the passenger as adult or child, 
and additionally a circuit is necessary which 
recognize seating condition by using the 
signals from those electrodes. 
[0006] This invention is developed by 
considering these problems and it is able to 
distinguish between seated human body and 
child seat and also provides hybrid sensor and 
seating detection system which identify the 
sitting condition of a seated body. 
[0007] 

[Means to solve the problem] The seating 
detection system conceming this invention is 
characterized by being located in seat bottom 
of seat and having, a seating sensor which 
detects load distribution pattern of load being 
applied to above mentioned seat bottom, a 
proximity sensor placed at least on either 
above mentioned seat bottom or back side of 
the chair which detects proximity of dielectric 
body by change of capacitance between 
electrodes, and a seating detection means 
which detects existence of the seating on the 
above mentioned seat, seating position and 
the seating object. 

[0008] For example, it is ideal if above 
mentioned seating sensor is the one which 
identifies the sitting position of the seated 
object (such as sitting person), weight and 
sitting area of the sitting object. Because by 
doing this way, it is able to accurately 
recognize such as seating passenger is an 
adult or a child. 

[0009] For example, above mentioned 
proximity sensor is ideal if it distinguishes the 
human from child seat. If it is used only for 
the purpose of distinguishing between human 
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body and child seat, the number of the 
electrode may be reduced and the objective is 
accomplished at a lower cost because the 
number of the subject to be identified is 
reduced, 

[0010] Also, above mentioned seating 
sensor is formed by polymerizing* a pair of 
flexible sheet with an insulating spacer in 
between, it contains a membrane switch 
wherein conductive pattern is formed on the 
opposing surfaces of the above mentioned 
flexible sheets and with openings are formed 
for forming contact points at a specific 
positions of above mentioned insulating 
spacer, and above mentioned proximity 
sensor contains a pair of electrodes being 
formed on at least one side of above 
mentioned a pair of flexible sheets. 
"^Translator's note: This polymerizing'' 
should be a mistake of "laminating''. This is 
because cost reduction is achieved if seating 
sensor and proximity sensor are formed in one 
membrane switch. 

10011] The hybrid sensor concerning this 
invention is characterized that it is a sensor 
comprising a membrane switch wherein it is 
formed by polymerizing* a pair of flexible 
sheets with an insulating spacer being 
sandwiched between, conductive patterns are 
formed on the opposing surfaces of above 
mentioned pair of flexible sheets, a pair of 
electrodes are formed on at least one side of 
above described a pair of flexible sheets, and 
openings to form contact points are formed at 
a specific location of above mentioned 
insulating spacer, and it is equipped with a 
seating sensor which detects load distribution 
pattern of the load when load is applied in the 
thickness direction of above described 
flexible sheet by the contact of above 
mentioned opposing conductive pattern at 
above mentioned contact points, and a 
proximity sensor which detects capacitance 
change between a pair of electrodes when a 
dielectric body approximates above 
mentioned a pair of flexible sheets. 
^Translator's note: This "polymerizing" 



should be a mistake of "laminating", 
[0012] Above mentioned seating sensor is 
ideal if it is a pressure sensitive sensor which 
detects pressure and above mentioned 
proximity sensor is ideal if it is a capacitance 
type sensor which identifies human or child 
seat by detecting the change of capacitance 
between above mentioned pair of electrodes. 
By combining the two which are constructed 
as above, hybrid sensor can be realized at a 
low cost. 

[0013] According to the seating detection 
system of this invention, it is able to easily 
distinguish between seating of human body 
and child sheet and able to distinguish such as 
seating condition of seating human body in 
detail and easily, because a seating sensor 
comprising membrane switches that detect 
load distribution pattern of load in the 
thickness direction are located in seat bottom, 
and a proximity sensor which detects 
proximity of dielectric body with capacitance 
change between a pair of electrodes is located 
in at least one side of seat bottom or seat 
back, and the means to distinguish seating 
distinguishes human body or child sheet and 
distinguishes such as existence of seating, 
seating position and seating object with the 
detection output of these sensors. 
Accordingly, it is able to realize a seating 
detection system having a function which is 
able to distinguish human body and child 
sheet at low cost. According to this, it 
enables reduction of production cost of 
seating detection system. 
[0014] According to the hybrid sensor of this 
invention, it is able to detect seating human 
body and child sheet with one membrane 
switch and also enables the detection of such 
as seating condition of seating of human 
body, because a seating sensor which detects 
the load distribution pattern when load is 
applied to the thickness direction of flexible 
sheet and a proximity sensor which detects 
proximity of a dielectric object with 
capacitance change between a pair of 
electrodes are formed within a membrane 
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switch which is composed by polymerizing* 
insulation spacer wherein electro conductive 
patterns are formed on opposing surfaces of a 
pair of flexible sheets, a pair of electrodes are 
formed on at least one side of sheet, and 
openings for forming contact points at 
specific locations are formed. ^Translator's 
note: This "polymerizing" should be a 
mistake of "laminating''. Therefore, it is able 
to realize a sensor having different detection 
functions at low cost. According to this, it 
enables reduction of production cost of 
seating sensor and proximity sensor. 
[0015] 

[Form of embodiment of the invention] 

Desirable forms of embodiment of this 
invention are described below by referring to 
attached illustrations. Figure 1 is an 
illustration showing a seating detection 
system concerning an embodiment example 
of this invention and a car seat wherein it is 
installed. The seat 1 is composed with a 
seating bottom 2, seating back 3 and head rest 
4. A covering 5 of such as cloth or leather is 
formed on the surface of the seating bottom 2 
and a sheet shape seating sensor 6 is buried 
immediately beneath the covering 5. Further, 
a proximity sensor 7 comprising a pair of 
electrodes 7a and 7b is buried inside of the 
seat bottom 2. Where, these seating sensor 6 
and the proximity sensor 7 may be located 
any place in the seating bottom as long as 
they are in positions where they can securely 
detect. Further, the proximity sensor 7 may 
be located in the seat back 3. 
[0016] Figure 2 is an exploded oblique view 
drawing of a seating sensor being used for the 
same system and being partially cut out. The 
seating sensor 6 comprises with a membrane 
switch and it is composed by polymerizing* a 
pair of flexible sheet 1 1 and 12 comprising 
such as insulating film like polyester film 
with an insulation spacer 13. "^Translator's 
note: This "polymerizing" may be a mistake 
of "laminating Electro conductive patterns 
14 and 15 comprising a conductive materials 
such as silver paste is respectively formed on 



the opposing surface 1 la and 12a of the pair 
of flexible sheet 1 1 and 12. The upper 
conductive pattern 14 in the drawing in this 
example is composed with land sections 14a 
which are formed at positions corresponding 
to contact point sections 16 respectively, and 
lead sections 14b which commonly connect 
these land sections 14a to positive side power 
source terminal, for example. In the drawing, 
the conductive pattern 1 5 in bottom side in 
this example is composed with land sections 
15a which is respectively formed at 
corresponding positions to the contact point 
sections 16 and lead sections 15b which 
individually lead electric current which runs 
each land section 15a to a detection circuit 5 1 
(refer to Figure 1). At the positions in 
insulation spacer 13 which correspond to the 
contact point sections 16 opening sections 17 
are formed which have just sufficient opening 
diameter to allow the land sections 14a and 
15a well contact each other, and it is in a 
structure that top and bottom land sections 
14a and 15a will contact through this opening 
sections 17 when load is applied on the seat 
bottom 2. 

[0017] On the other hand, the proximity 
sensor 7 comprises a pair of electrodes 7a and 
7b as described above, and a specific 
capacitance value is observed when human 
body or child sheet (plastics) does not exist 
near the electrodes 7a and 7b as shown in 
Figure 3(a). However as shown in (b) of the 
same illustration, when a human body 54 or a 
child sheet 55 exists near the electrodes 7a 
and 7b (between electrodes 7a and 7b), 
shunting current is generated and it reduces 
apparent capacity of the electrode 7a and 7b 
to be less then the case of (a) of the same 
drawing. This capacitance change is detected 
with the detection circuit 53 (refer to Figure 
1). Further, because level of change of 
detected capacitance are different between the 
case when a human body 54 exists near the 
electrodes 7a and 7b and the case when a 
child sheet 55 exists, therefore, the detection 
circuit 53 detects such as existence of a 
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passenger on the seat bottom 2 or whether it is 
human body or child sheet 55 even when 
there is an existence of a passenger, by these 
change of capacity. Figure 4 is a circuit 
schematic showing the same proximity sensor 
and its detection circuit. The oscillation 
circuit 61 supplies oscillated signal of specific 
frequency to the electrode 7a. The oscillated 
signal from the electrode 7a is received by the 
electrode 7b. This reception signal is 
amplified with an amplifier wherein the 
capacitance 63 is connected to a negative 
feedback, then converted into analog to digital 
with a A/D converter 64 to be dent to the 
CPU 52. When the capacitance between the 
electrodes 7a and 7b is C, capacitance being 
connected to the feedback circuit is Cr, and 
input voltage is Vin, the output voltage Vout is 
obtained by following equation of Equation 1, 
therefore, the output voltage Vout will 
increase as human body 54 or child sheet 55 
gets closer the electrodes 7a and 7b. 
[0018] 

[Equation IJ Vout = (Cr/C)Vin 
[0019] As shovm in Figure 1 and Figure 5, 
the electric current which runs through each 
of contact points 16 of the seating sensor 6 is 
introduced into the detection circuit 51, and 
ON/OFF of each contact point 16 is detected 
there and converted into a digital data which 
shows NO/OFF pattern. Also, the 
capacitance change being detected with the 
proximity sensor 7 is converted into digital 
data corresponding to the output voltage Vout 
at the detection circuit 53. The CPU 52 that 
comprises the seating distinguishing means as 
shown in Figure 1 distinguishes such as 
existence of seating on the seat bottom 2, that 
object and seating position as shown in Figure 
6, based on the digital data from these 
detection circuits 51 and 53. For example, the 
detection circuit 53 outputs the seating of a 
human body 54 based on the capacitance 
change from the proximity sensor 7 and when 
the detection circuit 51 outputs that the 
pattern is in wide range and concentrated in 
front based on the ON output pattern of the 



seating sensor 6, the CPU distinguishes that 
an adult is seating on front side on the seat 
bottom 2. Result of the distinction from the 
CPU 52 is entered into an airbag controlling 
circuit 56 and this airbag controlling circuit 
determines such as explosion/non-explosion 
and explosion power of air bag based on the 
distinction result from the CPU 52 and such 
as detection signal from such as an impact 
sensor. According to this, when the detection 
circuit 53 detects seating of a child sheet 55, 
for example, the CPU 52 outputs to the airbag 
control circuit 56 that it is seating of a child 
sheet 55 regardless such as its seating 
position, which enables a control such as the 
airbag control circuit which receives this will 
not conduct explosion of an air bag. With this 
seating detection system, distinction of human 
body 54 or child sheet 55 is done by a 
proximity sensor 7 and distinction of such as 
seating condition is done by a seating sensor 
6, therefore, it enables the distinction of child 
sheet which has been difficult only with the 
seating sensor alone, and it only requires 
minimum installation of proximity sensor 
together, thus it is able to suppress cost of 
seating detection system which is able to 
distinguish child sheet. 
[0020] Although the seating sensor 6 and the 
proximity sensor 7 are separately installed in 
the seat bottom 2 in this example, both may 
be unified and installed. Figure 7 is an 
exploded oblique view drawing with partial 
cutout showing a seating sensor being formed 
with a proximity sensor. Where, duplicating 
explanation of parts which has been described 
is omitted. Electro conductive patterns 14 
and 15 are formed on opposing surface 11a 
and 12a of a pair of flexible sheet 1 1 and 12, 
and a pair of electrode 7a and 7b are formed 
on upper flexible sheet 1 1 in the drawing 
separately fi-om land section 14a and lead 
section 14 b of conductive pattern 14. Lead 
sections 8a and 8b are connected to these 
electrodes 7a and 7b, respectively, and 
capacitance change between the electrodes 7a 
and 7b is detected with a detection circuit 53 
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through the lead sections 8a and 8b. Further, 
these electrodes 7a and 7b may be formed on 
opposite surface 1 lb from the opposing 
surface 11a, or may be formed on any surface 
of the flexible sheet 12. Thus forming the 
seating sensor 6 and proximity sensor 7 in an 
identical form containing the membrane 
switch, reduction of production cost of seating 
detection system is enabled, and further, 
supply of a seating detection system which is 
able to distinguish child sheet at low cost is 
enabled. 
[0021] 

[Effect of the invention] As described 
above and according to this invention, it is 
able to easily distinguish between seating of 
human body and child sheet and able to 
distinguish such as seating condition of 
seating human body in detail and easily, 
because a seating sensor comprising 
membrane switches that detect load 
distribution pattern of load in the thickness 
direction are located in seat bottom, and a 
proximity sensor which detects proximity of 
dielectric body with capacitance change 
between a pair of electrodes is located in at 
least one side of seat bottom or seat back, and 
the means to distinguish seating distinguishes 
human body or child sheet and distinguishes 
such as existence of seating, seating position 
and seating object with the detection output of 
these sensors. Accordingly, it is able to 
realize a seating detection system having a 
function which is able to distinguish human 
body and child sheet at low cost. According 
to this, it exhibits an effect that it enables 
reduction of production cost of seating 
detection system. Further according to the 
hybrid sensor of this invention, it is able to 
detect seating human body and child sheet 
with one membrane switch and also enables 
the detection of such as seating condition of 
seating of human body, because a seating 
sensor which detects the load distribution 
pattern when load is applied to the thickness 
direction of flexible sheet and a proximity 
sensor which detects proximity of a dielectric 



object with capacitance change between a pair 
of electrodes are formed within a membrane 
switch which is composed by polymerizing* 
insulation spacer wherein electro conductive 
patterns are formed on opposing surfaces of a 
pair of flexible sheets, a pair of electrodes are 
formed on at least one side of sheet, and 
openings for forming contact points at 
specific locations are formed. "^Translator's 
note: This ''polymerizing** should be a 
mistake of ''laminating'*. Therefore, it is able 
to realize a sensor having different detection 
functions at low cost. According to this, it 
exhibits an effect that it enables reduction of 
production cost of seating sensor and 
proximity sensor. 

[Brief explanation of the drawings] 
[Figure 1] An illustration showing a seating 
detection system concerning an embodiment 
example of this invention and a car seat 
wherein it is installed. 
[Figure 2] An exploded oblique view 
drawing of a seating sensor being used for the 
same system and being partially cut out. 
[Figure 3] An illustration for describing 
principle of the proximity sensor being used 
in the same system. 

[Figure 4] A circuit schematic showing the 
same proximity sensor and its detection 
circuit. 

[Figure 5] A circuit schematic showing 
detection system of seating sensor of the same 
system. 

[Figure 6] A table showing the seating 
distinguishing pattern of the same system. 
[Figure 7] An exploded obHque view 
drawing with partial cutout showing a seating - 
sensor being formed with a proximity sensor. 
[Figure 8] An oblique view drawing 
showing previous seating sensor with partial 
cutout. 

[Explanation of numbers] 

1: seat, 2: seat bottom, 3: seat back, 4: head 
rest, 5: covering, 6: seating sensor, 7: 
proximity sensor, 51, 53: detection circuit, 
52: CPU, 56: airbag control circuit. 
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